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SUMMARY -..

A vertical-tail model with stub fuselage was tested
in combinatii:onW}t.@various simulated horizontal tatls to - ..:
determine the effe”ct of horizontal-tatl span and location
on the.aerodynamic characteristics of the vertical tail.
Available theoretical data on end-plate effects were —.U

collected and ,pr,eqp~.ted.in the form most suilxiblefor
—

design purposes. ..-. =.—-. ...:-
. . .—. ~

Reasonable agr8eqent was obtained between the
—.

measured, g.ndtheoretical end-plate, effecf%i-:of,horizontal
tails on vertical tails, and the data indicated that the
end-plate effect:was .determtied more by t%e loc+~ion of .

the horizontal tail :,:.hqnby the span of t-hehorizontal --.—_

tail. The horizontal tail gave most erid-~late effect
when located near either ti~ of th~ verti~al tail and. “
when located
plate effe:ct
rearw,aqd.. ,

near the bas6 ~f ‘t& “vertical tail,” the end-
was increased by moving .&he horizontal tail

., . ,,
,—

INTRODUCTION I.:.,
-—

of tb.eend-plate effect of the horizontalA study
tail on the vertical tail has been made by lifting-line
theory for the case of a horizontal tail m&nted ii~”the
base of an isolated vertical tail (reference l). A
minimum-induced-drag theory of the end-plate effect of
the horizontal t@l on the vertical tail Is presented
in re,i’ere~ce2: ~.orthe ..caseof a horizonts3 t“til.rno~ted
in va~i,oqs.vert$gallorations. Because of a.deficiency
in exper~ental, data for the end-plate effects discuseed ---.—

. ,. >
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in thes@ z’pfer@ncea.and for end-plate effects in general, F -—.

the”presant Investigation was ~dertaken. Litt and hlnge-
\&.>

moment measurements were made to deLermine the variation
of ‘MM end.-plat’e”effect with horizontal-tail span and
location and to define a.?.?area-span convention that would c

most nearly give the correct lift-curve slope .

SY’M30LS

“-The coelff’ici.entsand symbols used herein are defined
as follows:

Cr

bl

b2

br

bh

q
,.
x

lift coefficient (L/qS)

rtidderhinge -mom,ent coefficient ~~~/’~br(&)2)

lift of model

rudder hinge moment; positive when moment tends to
rotate trailing edge to left.

area of’vertical-tail model as defined b~cmn-
vention I (fig. 1) unless otherwise noted

local chord of vertic.al-ttilmodel from leading
edge (L,E. defined in fig: 3)

Ndder root-mean-square chord

span ,(recommended in refetience 3) of vertic&l -
td.1 model as defined by convention I or 11,
figulle.1

span of’vertical-tail model as deftied by con-
vention III, figure 1

‘??Udderspan”

horizontal tail span
—

‘i%ee-streaw dymumic pressure
-.

horizontal location of.~CLpetic&nt ch”ordline of
forward, cgnter$ and rearward end platss as
measured fro~ vertical-tall leading edge
(L,E. defined in fig. 1)

—
.A

-—

—
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Y vertical location of end plates measured upward
from base of vertical tail as shown in figure 1,,

CL sngle -of attack of vertical tail; ~ositive when
trailing edge.is moved to left

6 rudder’deflection relative. to fin; positive when
trailing edge is deflected to left
..”

AG &eometric aspect ratio
-.—

A vertical~tail aspect ratio compute-d from m?asured
lift for horizontal-tail-off condition ---

Ae effective aspect ratio computed from measured lift
for horizontal-tail-on condition

E effective edge-velocity correction for-lift
‘c

k horizontal-location factor

Slopes:

a. section lift-curve slope “-

()

~CL
CLa = ~

6=0°

All angles are in degrees and tm symbols outside the
parentheses indicate the quantities held constant. The
slopes were taken for ranges of a and. 6 or 220.

-+

APPARATUS ANI”.MODEL

A vertical-tail model with stub fuselage was tested
in combination with horizontal tails shmlated by flat
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.

enclplates made of’
$
-inch-thick laminated mahogany with 4

rounded leading edges and beveled trailing edges. Photo-
graphs of the model that show variations In tk span and
location of the end plates are presented as figure 2, x
The principal details. of the model are given tn f’iguro 3.

The geometric characteristics of the model are
prei~ented in the following table:

Area, convention I (fig. 1), square feet . ● ● ● 5 ● 985
Span of vertical-tatl model, convention 1,

f’eet 3.6$
Mean geom~t~i~.’~h&~ ~f-v~r~i~ai-~a!l”

● ****

rr.odel,feet .-. ..a S. CS 0.0,=.9 1.66
Rudder span, feet ● ***m* ; .2&
Rudder z?oot-mean-sq~a~e”c~ojdj ~e~t” . . . , . .
Tralllm.g-edge angle, vertical tail, degrees . . . .’ .15
Trailing-edge angle, end plates, degrees . . ● . ● c 42

The ordinates of tha vertical-tail airfoil section.are
given in ,tab~e Z, the airfoil section being constant over

.

the spah. Forward of the ~Q-percentTchord statign the
airfclil ordinates am approximately the same as t~ose of ●

the NACA 65(112)-011 airfoil; rearward of the 50-percent- b

chord station ttieairfoil was modi,fied so as to eliminate
the cuspo The plan-form ordinates of the vertfcal-tail
model are gtven in table II.

The internil balance for the rudder of the model was
contained in four spanwise chambers, which were separated
from each other at the rudder hinges. The nose and ends
of the internal balance plate in each chamber were sealed
to tho front o#’the balance chamber and to the sides of
the hinges with Koroseal coated voile, An enlarged cross-
sectional diagram of the vertical tail (f’ig.~) sh~”wsthe
details of the internal balance.

Unpublished calculations based on reference 4.for
an airfoil section approximately thb same as that of the \
model tes,@,d,indicated that, at a flight Reynolds number
of’abol~t2.0,000,”000And’with transition at “theleading
edge,” t@ ~oundary-layer thickness 6* is 0.00157C %
at 0.65b. From boundary-layer measurements” it was
found that, at values ,of_ a and. &. .of.approximately 0°,
a boundary-layer thickness of 0.00157c could be obtained
by placing roughness strips at the 20-percent chord line.
The roughness strips,,were prepared by cekenti.ng .. .. . - . .

. <,.,.,-., r
. .:’ :,. .

. . . . .,.
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No. 60 Carborundum”.particles in a“str’ip1A inch wide to
the back of cellulose. tape. . .

The model was:mounted horizontally in the 6-”-by
6-foot test section of the Langley stability tunnel and
was supported-fentirely by the balsnce frmne .SO that all.
FQ~cps,:and~moments’actlr@’ on the model cquldbe meti-”ed.
In order.to-mount-.the model near.the centerof” the tunnel,
a model support was”used that extended ,intq:the%ir streani
through an .aperiingin the tunnel wall. A “flexible ‘seal ~~~
was used between the model sup~ort and the tunnel wall
to prevent the inward flow of air fTom outs~dq the-lninnel
along the model’“support● “A’fairing was installed.arb~d -I
the part of’the .mc@el%tip&vrt str~t located i.wide the ~~
tunn~1. (See fig. 3.) “ Tnis fai.r.irigwas attached .tb!the“”
tbe L..wall aid ‘did.‘not”ch~ge attitude” as”the angle ‘of
atta~k of.t?aemodel was Varied. :

. . ,.-.,....... ----
,, ,. -.,.-”-,=,. ... ,...... .

TESTS. -.
. :“. ‘“

..—

.—.

.

. Tests were made of the vertical-tail node~ and stubw fuselage without an end plate and ~v”ithan:end plate in
nine combinations of end-~late locations and spans k A
6-foot-span end plate was teste,d.in tthever$ical locations
designated in figL@%’•~ as ~low, intermediate-low, -—
intermediate-high, and high. End plates of various spans
were testealin the center horizo-nt.allocation at two
vertical locations :.-A’~+footi,-sB”@;”e@.-pl%te was tested “ ‘
in the low and in tliqi’n’tetie,diqtp”~~o.ti~vertical locations
and a..?-fpot-spti end”pl’tb was ~estmd “in..only the low -: “
vertical loqatlon~ The 6~foot-q)j@. bnd plate in the”low’ ““’
vertical .:location.was tqsted in ~hree,h~nizpptal. location:,
which will ,be.deStgnat’ed“as,fo,~w$@,$l,‘ce~ter~ and realW=Q,
The configuratiQri’for’the end plate “.~t,,lthecent= hori- -‘
zontal locakIotiwas i.@nbicql w~$th.~ha$.~at the lQW ‘ve,r.ttcal“
location. : For;all ~corifi.gurati,onsthe,end plate.tid a :~.~‘“
cut-out $OP. the~.r-nddeti; (See f’igk3 ;-) In order to deter-
mine the effect of the rudder cut-out, a J-foot-span end
plate without a cut-out was tes..~e.din the low vsrtical
location.

.... ----. ..

For each configuration,, tests,~er.e.made for.VariOUS
rudde~ .d.eflectinns ‘fii-%ht~-:mod-el,at Zero “angle,.of.attack ~”
and for various ..,angles””of attack with zero rudder .deflec-” ‘
tionk The-angles of:attack ‘ra~ed frorq“approximately
-40 j-JfJ16Q ‘--,.:ahd“the rtidder deflections; ‘from -200 to 8@
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thro~h~yt the..tests. The ,geometrfc angle of attack of
the ei.;dplate Was main-taine-dat zero..:The tests included
measuk>ements or the lift of?the model and,mqqs~ements of
the fidder hinge momen~.+ . .—_. ----:r,._ --z—,.. “.-.

. . ..
All,,testswere ma&” ,ti”~“a“dyn’amicpressure of ‘

6J4”.5poqnds per square -foot, which corresponds to an air-
speed of ,159 miles per h.o~ under standard sea-level

‘a$mos?zherig.CQ@ltions ,,~The “Rejgmlds nurnbbr based on
~ the Weq

f
eometric chord: o-fthe vertical tail was approxL-..

‘mqtely 2, 00,000. “ .:.:. “.
.

:,.,Jet=bo.undary correctio,&, a~ “de~ermined by”the
‘gene;;al~e:~hQ@j:4ascribed in referetiee 5, were applied
to the”.lift ,coef’fi.cfent,rudder hinge-moment coefficient,
and lm.glq,of ,attack ● These corrections, which neglected
the p~bs~e’nce-of the end:plate, were added directly to the
lit% tid ‘.”hinge-momehtcoef!f’icientsand to the angle of
attack, respectively, and are as follows:

AC.L= -o.olo2c~

AC~ = &@5CL .

Aa = 0.26(CL)5=00 + ~~70cL

NO ctir,rec,t.ionsor tares were applied fin?”the effects
of the ~odel,...supporst??utut.“fairing.or for. the ef’fectiof
the,exposed rudder hinge”+n”ornentlinkage . This linkage
may be “s”ee&“in”the photographs of figure 2 and in the
sketches”o~figmg 3. An attempt,to calculate the effect
of the--support-strut falring on
tail by lifting-line theory ,was
estimation of this effect based
howeve:r,.that the support-strut
intirea;3e’:tbevertical-tail ,lift

. .
.. .’”.

THEORY

thq .llft ‘of%he’ verttcal
U.nsu:ccessfti”l..A rough
on .refe”ren”ce6 indicated,
fairing:might possibly
as xn~h aS 3.5 percent,

,.

. .-.. ,
in whi,ct.i..theroot chordsThe theory ofireference 1,

of the horizontal and vertical tails are a$sumed to
coincide”.andto be ‘the ssme length. accounts for the ●.
effett of,end-plate ‘span on the effective aspect ratio

. 4

.
#-

. .
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of the ve.rt.icaltail., In this theory, the horizontal
tail is assumed to be mounted at the bas”g of the vertical
tai1 ● The minimum-induced-drag theory of reference 2
account sfol? the “vertical location of the end plates an
a vertic’al tail that.is symmetrical about both its ‘
midspam and midchord lines, The.theory of reference 2
also”’accounts for the end-pla$e span but assumes. the

...___

,end-plate.chord to be infinite. A combinatio~ of’”H%
results ,of.these two theories is shown in figure 5 In
which &.e,results “of refer”enee 1 are used ‘coextrapolate’
those &“ reference 2“to a finite end-plate, chord. In

● , figure 5 the,effeet of end-plate vertical loc’ation is
indicat.bd..to.be’’much gre:atbr than e~ither the effect of
end-plate spaziok vertic-al-t’ailaspect ratio and thq —
end plates located near either tip of the vertical ta~~-
are shown to have the largest effects. The lift-curve-
slope’for vertical tails with end plates can be estimate-d
by the following formula from lifting-line theory: -

,La=4!@.W\ “ (,)
A-(Ae/A)n + io”[

.

.

A better:.”$gsu~uticap probably-be obtained, “however, from
the fol.lpw”~%geqtiationbased on lif~f-ng~s-ub~acetheory:

..”. ..-..... \ ,.

..,

-. ..., -. , . ....,- -* . -, ”..
el+)vao. .. ~~,,l.-’~.,”,”, (2),. .,

“ ~L&>’,=,”.’...4 .. .
,.. , ,..

y. .. . .

,, .. . A (Ae/A)T~ec o ~. ,..s. :: , .._.

+.a .“’ “c:! ,-J..::- .....
,.

.: ,., , ..(“ ,.. ...

where” tihe”~’fo~iq,ofe~uati:on (“~j”‘is ~ake~ froti‘r,efej?ehce~
and the!”va>uqs of . ~C : ~e, .ta,kenf?~m.~“e~?r~nti.e,8:.,A.. .,
chart from which. values of FCL

,..a
may be conveniently ““.

obtqine”~is:.“pr@nt-ed” as”figure 6’. ‘ ‘:“’“’ ;: “-‘-- =
...,... ....

... . .,; .:...: ,.” ....:...-.,..’.,-. ...,. ,,-. ‘. ,..,,.: .:. .
,. ., ,,,,.

“‘:: RESULTS.’AiD.”bisou&3:oy.‘ “.”’::;:’ -:“;”:!..,: ./. ‘,. .,, ,,.,...,, . !.. . . . .
-—

... - . . . . .-L:. .. ..,-,
,,

F#s-ulEs’”Aof“the,‘tbsk9 ,fie given,”ip ~figures “~.to 11.
The ‘ti@js Zs df the data “(figs. 12 to 1.8)wis made by a
stud~ of t~-e’lif’tazi.dhinge-”momen’%6;10PE$Sthrough ‘zero
angle of attack and Wire”@” “zero:“rtidd-ekd~f’lection.,._ ._,.. ,.. ....“::.,“.,..,...’ ..I.”:,’... .A:“:-.... ... .

.

. .

.—

. .. ’...1” ,!
. -—= __., .... ,“
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.- —

,-



-,

.-t, *
.._ -

,.:J x
.

- :. ;: ~-

.-—, ---- .. =--- .= --- .:.-,.-.. .. +__
.-

8 , :“-. NACA TN NO, ~oso “
..— -.. ...

Eff{ct”of Verttcal Locatton of End Plate t

The var~at”ions with a and 6 of lift snd ruil”&r.
h~nge-mornent“cop~ficicmts of the vertical tail for . s
various vertical locations of the 6-foot-span end platw

.

In the center-horizontal locati~~ are presented in :. .
figure 7. T!@greatest end-plate effects, as indicated .
by t~”higher’ values of CLa and CL6=– were dbtained.
with the”e.nd..l~~e in either the low or high location. “
(Seti’”Tig.12.7 As might. be expected, the results for
the tnt&nediate, locations show almost no change from “’
the resu~ts for the horizontal-tail-off condition.. A“
d.eteqm_i~tion, of the rudder lift-effectiveness ~qrame ter .

()-a

z CL
.~”r the end-pla$e locations of figtie”~~~’showe=~_ - ~.-.,...= ,.+..=?-----..=-., -,..

this p-arme ter to be constant
data and to have the Value.

within the accuracy of the -.--

= 6.576

A curve of the theoretical end-plate effect, obtained
by use of-figure 5 and equation (2), is also shown in
figure’-12● Two dls”crepa~.tiesbetween the theoretical
curve ~nd the test points are noticeable. First, because
the vetitical-tail plan form was not symmetric about its
center section, the test points fail to indicate, as.
does the theory; a zero end-plate effect at the center
sectim ‘or the vertical tall’. Second, the end plates
near the base of tha vertical” tail do not produce as
much effect as indicated by the theory, although a
slightly larger effe~t.would be expected because of the
asymmetry of the vertical-tail plan form. This second
discrepancy probably results from two factors: The
support strut probably causes the end-plate effect to
correspond to that of.an end plate at a ventical locatton
farther from, the base of the vertical tail. Also, the
stub fuselage “probably had an end-plate effec~ for
unpublished .$,e?tshave.indicated that a stub fusel&ge
stichas the.oqe..on t.~s..model can have an end-plate
effect ofi CLa’ of .a~p+.ox>rnate.ly”~ percent. This incre-..-
ment oll”end-plateeffec~ would be “absorbdd’by &other
end glate m_ountednear the stub fpselage .md the
resulti~g” &ff’ectwould be smaller -thanthat expected .
for an..endplate mounted on a model without stub fuselage.

. . .

.—
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The theoretical curve is believed to be approximately
correct when the conditions for which it was derived tie
met.

. . .. ..

The value of Cha was very,close to zero for each

of the four vertical locations in which the model was
tested. Values of Chx ranged from -0.0017 to -0.0021

(see fig, 15) arid.were”negatively l=gest for the ~g~
snd low vertical locations- T’& .smalL changes in Cha

and Ch6 indicated in figure 15 probably cannot alwaya”

be expected, partitiularly”for rudders with”litt~~ or fi~”-”
balance.

-.
>.

Effect of Horizontal LoCation of End Plate

The variations fivith ,a and 6 of the lift ~d
rudder hinge-mmnent coefficients of the ver~ic~ t~i~ for
various horizontal .loctitionsof the 6-foot-#pan end-plate
in the low vertical location are presented in figure 8.
The center and rearward horizontal-locations gave the
largest values. qf ?L& and cLa ● (See fig. 13. ) The

values of we,re,app720ximatelyzero ~“d:khe valu%s
%...

Of Cha ranged fr& -0.0021 .~o~.the forward and center

locations to -0.0030’~.or’the ~earward locat}on, ‘(See - ““ ~
fig. 25.) “ - ,, .,,” ,=-: ..”-= “ ..._

,. ,..,
-,’,.

Effect”of Vahying Spti~jf”l@d..Plat8 , .
.. .

—.

The variations with a ~d 6. of the lift and
rudder hinge-moment coeffic~ent,sof” the v~rtical tail
~or end ~l~tes of”+~tou”ss”p~s with”the end plate mounted
in the center horizontal ,locati6n”f.orthe low “andthe
intermediate-low vertical location~ are presented in”
figures .9.arid10, respectively, ,The,presence-of the
2-foot-sp~, end plate increased, tlle,,sialuesof. CL..- a
and CLX appreciably ,(’seefig. 1.4-);btit”atiition.al end=
plate s&n caused only a slight”increase in these
parameters. The hinge-moment parameters

-—
Gha and C4a

- ....
were almost entirely uns$fe’cted by increased spari.
(See fig, 15. ) Because the end plate .of 6-toot span
reached almost to the tunnel wall> this “sp-ahwas e~fectively
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larger than the actual span “testeal;but even for this end a

plate .the values of the lift parameters were just slightly -
higher .t.@n those for the 2-foot-span confi

P
ration. A

compa&ison of.the results shown in figure 1+ with those .
of f’i”gu”m-s12 and 13 indicates that changes in end-plate

.

span have only a relatively small effect on ~La and cL~
when the end~pl”ate span is greater than one-half’ t~~,
ver-~ical-tail span and that the end-plate locatlon
relat.iveto the vertical tail is the more important of
the two variables.

...<

- Effect of Rudder Cut-Out .

The_effect+ tha ru~der cut-out on the lift and ‘-
rudder hinge-momeflt coefficients of’the vertical-tail
model for the center horizontal location of the ~~-foot-
spar .End plate .$n,.iihelow vertical location is shown in
f’igur61>.. ~.eqe data indicate that the only appreciable
effecfi of the.rudder out-,qut in the end plate was a
change::’af‘&bout -0,0007 in Cha at small deflecti.ons~ .

.

End~Tlate Effect in Terms of Effective Aspect”Ratio

In order to make the experimental res;lts of this
investigation of the end-plate effects of the horizontal
tail on the vertical tail comparable to the theoretical
results (&ig. 5), the lift-curve-slope -results were
reduced to the form of the ratio ofithe effqctlve aspect
ratic)computed from the measured. lift for the end-plate-
oricc)ndition to :the.aspect ratio compl~tedfrom the measured
lift for the end-plate-off condition &/A.

The aspect..rat$os were computed by mesns of equa-
tions (1) and (2), which are based, respectively, on the
liftl~-line. and llfting-surface- theory for an isdlated
wing.,. T&. S@ction lift-curve slope a. -was estimated
to haVe.a -value.ofO~lQ5 for the vertical”’tall, ‘The
ratio T=AJA- .iq @hQwn in.figure .16 as determitid by the
lifting-sur~~ce >he.ory for all model cotiiguratlons for
area-spa-n”~”ctiti~ntion“1’of Tigure 1. With the end plate
in tlw”low vertical location, this same.rat-~,o(&/A) is
shown “ifi”figure17 as dete”rminbdby the liftifig-line
theor;~for-all t@ee area-span conventions of figure 1.
The ratio &/A is ~hov~ in figures 16 qnd 37 -to depend

_..:=

~...

.

-?

.
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.
J

.

$
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only slightly .on”which formula or which area-span con-
vention is used. The values of Ae\A determined from
the test data are shown in figure 17 to be smalle-r than

.

those from figure ~. This discrepancy is”the ssme as
that discussed in connection with the.effect of the vertical
location of..theend plate.

— ..._,. . .

Estimation of c% ,“’for a Vertical Tail .-
..

If am.,estirnateof cIJa for a vertical tail is”’

desired., an aspect’,ratio must be arrived at by means of ‘-
some area-span convention. In the following table a
comparison is presented of the geometric’ aspect ratios
and the aspect ratios for t~e horizontal-”tail-off condi-
tion as.computed b,yuse of equations (l),snd (2) for the
three area-span conventions shown in figure 1.

.. . ..

Area-span Corrected
convention

.~ee%a l.)
‘G (Equati~n(1))(Equat~on(2))

(Equat~on(2))
““

I 2.17 l.% - 2.85 2.a “

II 2.05 1.77- ,,2.58 2.38
.’

111 2.25 1.,46 2.20 2.05
-,..,.....

.

,.. ., —..

The corrected’valuss of “the aspect ratio-were obtaine~
by reducing the Iift-cme slope.5 percent to correct the
data approxirnately”to :th&”c’onditionsfor .the.nodel without
stub fuselage’; ~The values “in the f’irs,t three ,columns of
aspect ratio indicate:that..for this mode,l~ in or”derto
esttia,te CL for the end-plate-off condition from a
geornet”r’ic,as~etit?,a”tio,the formula f-orthe lift-curve
slope based” oti”lifttng-&ur’fac& theory (equation (2))

.

should be used in conjunction with .irea-spah conven- .
tion III. T*, nxe-a,s~ed..lift-curve slope, however, is
probably ,high~’r.t.hah,that whichwould be ~edized.in
flight bec_&uqe“~,fthe’-effec~ of aerodwic induction
on the sup~ort~”strut”fairi@ and!b”e”cause.of -the absence
of most of ..thqfuse~age ~,ide,wash~ If data on fuselage
sidewash are una~ai~ab~-e~,”An ‘atie-a”+’sp&fi%onmnt ion
defining tinevertical-tail ‘area”aS%h&t&b6ve the fuselage. .,. ?””,. ..-.—.
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center line (convention 11~.fig. 2), as proposed by Pass
in reference, and corresponding to a somewhat lower
lift-curve slope than “conv~fiticm111.may more nearly represent
the %-aSG of the vertical tail on an airplane. In order
to estimate “CLa for a ,vertfcal tall with the.horiz.ontal

tail on, use may”be.made o“fth~ effective aspect ratid
obtained ‘by multiplying the geometric aspecti ratio
by Ae\A as given in figure 5.

An avepage’‘va”lueof Ae— = 1.5 was suggested in

reference ~. This val,ueif considerably more than will
genefla’ll”yfie.suitbecause it is based on a vertical-tall
aspect ratio of .1.4,~which is somewhat smaller t~n the
aspect ratios now generalljr used and, more important, is
based oh anend plate located atth? :base .o&the vertical
tail - a condition” seld”om if ever met in practice .

,... .... . .

Fo~ tail oonf’igurations similar t-crthe6-~oot-span
end pi-tit-e”in ,lo.w,.ypit.ical lacatlon, the effect o&”hDYl -
zont.id””’location:can be cons@ered by multiplying the
valua bf “’Ae/A :given “in figure 5 hy +&e~horSzontal-
location factor ~“~k ‘“AhOwn in ‘figure 18 ‘“’addderived” from
the CLu-dat”a o.f_f:Lg.q,re.13.., . . .... .- .--:

. . .. ....
i! C?NCL@IONS [..’.“”:’

;,
Tests “were ‘made of’‘a ve.rtlc.al-.tailmodel: with stub

fusela@ ili“cro~biq~tionwith various simulated.horizontal
tails to determine ,the effect “ofhorizontal-tail span
and l“~~ation,,on.the .aerodymamic charactpristios of the
vertiical tail, and the test results Were .cbmpared with
theoretical ,re.s.ults?..The results of.the,:ifivestigation
indicated” the following conclusions: ‘. .. .

1.:Tne .theo??etical end-pla”te‘effect i.sapproximately
correct “when.the...condit,io~ “forwh$ch it was W rived w.e
met. “ ‘“-” ‘“ . ..... . .:-

., ,.
;?C“ThQ”~n~-p~a& efi~ct,’of the.horizontal tail on

the v(;rtichl tail ..was i.~luenced more by the locatlon of
the horizontal tai& than by. the hOrlZOntal tail sp~ ●,

5. The gr6a~est endTplat6 .ef’feetwas obtained with
the hc)rtzontal tail located near ,eIther tip,“ofthe -
vertical tail. .

.... -—--.. . ...= -.,, -r

..-. -

~;
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t
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4

4. When the horizontal tail was located near the
base of the vertical tail, the end-plate effect was
increased by moving the horizontal tail rearward. “

:

Lsngley Memorial Aeronautical Laboratory
National Advisory Cormnittee for Aeronautics

Langley Field, Vs., January 21, 1946
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TABLE I

ORDIl?AT~S OF VEliTIC!AL-TAIL AIRFCIL SECTION

rStations and ordinates in percerit of airfoil chord1

Upper surface Lower surface

Station Ordinate Station Ordinate

o 0 0 0
*5 .845 ●5 -.845
●75 1.019 ●75 -1,019 .

1.25 1.270 1.25 -I .270
‘2*5 1,719 2d5 -1.719
5 2.599 I 5 “’” -2.389
795 2.909 ~;.5 “-2e909

10
i“342

- .343
15 ..oj 15 t- .036
20 $.561 20 -!L-561
25 $.; 1

w
25 -4.91 ~

3; 3; -5.2 ?2

z
5:41 “

8 1
-5.41

4;
5,49 ~
5 ;:;~ $

:?.@

;;
z

- :2
.995 ~;

p #

60 ● ~;:::
65

:$:222
65

7; 5.638
-4-.158

7; “

1

-3.638
3.087

i
-3.087

2.L89 -2.189
8; AI. $!6 8; 8-I. 96
90 1:~~: 90 -1.279
?5 95 -.6~6
100 ● 0;0 100 -.030

.

..

..

NATIONALADVISORY
COMMITTEEFOR AERONAUTICS
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TA~LE II

PLAN-F@R~ @~lNLITES OF ~~TIC~.TAIL ]:ODEL

rStations and ordinates are in inchesl

station
(a)

-4.500
-4.167
-3.667
-2.833
-2.00
-1.167
0
1.833
2.167
4.6z7
5.500

i
.167
.000

9.167
10.533
12.500
16.667
20.833

Ordinate
(Forward of

rudder tinge axis )

------ ------- ------ -
------ ------ ------
------ ------ ------

------- ----.-- ----

17.333
------ ------ ----.--
------ ------ -------

17.267
------- ------- ----
------ ------ ---..--
------ ------ ------

~6.962
------ ------ ----.-

16.636
16.072

L
1 ●317
1..340

:83;;p;
.58

d?● 9’
.733
,.059
.629
.062
.667

. . A

OrdinateStation
(a)

(Rearward of
rudde~ hinge axis )

9
10
12
16
20

.500

.167
jg

s 00
.167

.833

.1.67

.617
,~oo
.167
● 000
.167
9333
.~oo
.667
.833
.000
.~67
9333
j;;

.000

.667

. 00
z● 33

.000

.167
9533

1 ---

I 2.733
I 4.294

5.363
6.192
7.067

I Q. 02i
8.153

------ ------ ------
“8.982
;.;;;

9:13
9.07 ii

I
------------------

8.654
------ ------ ------

.
ahleasured from fuselage center line ..,

.. NATIONAL ADVISORY
CO~~IT~E FOR ~~ONAUTIC$
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Figure z.-
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